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2.1 Abstract 
Objective: To (1) search the English-language literature for original research 
addressing the effect of cryotherapy on Joint Position Sense (JPS) and (2) to make 
recommendations regarding how soon healthy athletes can safely return to 
participation after cryotherapy. Data Sources: We performed an exhaustive search 
for original research using the AMED, CINAHL, MEDLINE, and SPORTDiscus 
databases from 1973 to 2009 to gather information on cryotherapy and JPS. Key 
words used were cryotherapy and proprioception, cryotherapy and joint position 
sense, cryotherapy, and proprioception. Study Selection: The inclusion criteria were 
(1) the literature was written in English, (2) participants were human, (3) an outcome 
measure included JPS, (4) participants were healthy and (5) participants were tested 
immediately after a cryotherapy application to a joint.  Data Extraction: The means 
and SDs of the JPS outcome measures were extracted and used to estimate the effect 
size (Cohen d) and associated 95% confidence intervals for comparisons of JPS 
before and after a cryotherapy treatment. The numbers, ages and sexes of 
participants in all 7 selected studies were also extracted. Data Synthesis: The JPS 
was assessed in 3 joints; ankle (n=2), knee (n = 3), and shoulder (n = 2). The average 
effect size for the 7 included studies was modest, with effect sizes ranging from -
0.08 to 1.17, with a positive number representing an increase in JPS error. The 
average methodologic score of the included studies was 5.4/10 (range 5-6) on the 
Physiotherapy Evidence Database scale. Conclusion: Limited and equivocal 
evidence is available to addresses the effect of cryotherapy on proprioception in the 
form of JPS. Until further evidence is provided, clinicians should be cautious when 
returning individuals to tasks requiring components of proprioceptive input 
immediately after a cryotherapy treatment. 
Key Words: Cryotherapy, somatosensory system, proprioception, therapeutic 
modalities. 
2.2 Introduction 
Cold, in the form of cryotherapy, has been used since the time of the ancient Greeks, 
as an analgesic to reduce inflammation after acute musculoskeletal injury or trauma.
1
 
Cryotherapy is commonly used to reduce tissue temperature, metabolism, 
inflammation, pain, circulation, tissue stiffness, muscle spasm, and symptoms of 
delayed-onset of muscle soreness.
2
 Cryotherapy protocols, including ice application, 
water immersion and commercially available cooling pads, are being used by athletic 
trainers despite the lack of conclusive scientific research regarding the potential risks 
facing athletes or patients.
3 
Although the potential negative effects of cryotherapy 
itself and its possible influence on proprioception are unknown, and despite 
equivocal evidence supporting its effectiveness, some clinicians continue  to use 
cryotherapy in the treatment of acute soft-tissue injury
4 
and to alleviate the 
symptoms of delayed-onset muscle soreness.
3
  
  
The effect of cryotherapy on proprioception, which is a component of the 
somatosensory system, is poorly understood. Proprioceptive acuity has previously 
been defined as an individual’s ability to sense joint position, movement and force to 
discriminate movements of their limbs.
5,6
 Consequently, proprioceptive acuity is an 
essential component of injury prevention and rehabilitation, but it is often ignored 
with devastating consequences, because proprioceptive deficits may be responsible 
for many acute ankle and knee injuries.
4,7-9
 The term proprioception, developed as a 
result of Sherrington’s10 landmark work in the early 1900’s, is commonly defined as 
the cumulative neural input to the central nervous system from mechanoreceptors.
11
 
These receptors are located in the joint capsules, ligaments, muscles, tendons and 
skin
12
 to detect stimuli such as pain, pressure, touch, and movement. Therefore, their 
function is critical to both sporting performance and activities of daily living.  
 
A number of techniques for clinically examining proprioceptive acuity are described 
in the literature, including threshold detection of passive movement, the absolute 
method
13
 and Joint Position Sense (JPS). An individuals’ JPS primarily determines 
his or her ability to perceive a target joint angle or limb position and then, after the 
limb has been returned to its starting position, to reproduce the predetermined 
angle.
14,15
 The conscious ability to position a limb is a highly specialised 
proprioceptive function and is a vitally important clinical outcome measure, 
involving both the control of movement and stability.
16
 The JPS tests are routinely 
administered by clinicians to assess any proprioceptive deficits in the knee joint after 
anterior cruciate ligament injury,
7,17-19
 stretching,
20
 fatigue,
14,21,22
 pain,
16
 patellar 
taping
23,24
 and cooling.
12,25-30
 The primary reason JPS is assessed by clinicians is to 
identify any reduction that may potentially predispose an individual to 
proprioception-related injury.
4,7-9,12,25-30 
 
A systematic review is necessary to evaluate the effects of locally applied 
cryotherapy to a joint, specifically in relation to JPS. The brevity of quality research 
addressing the potential for cryotherapy, when applied to a joint, to reduce JPS and 
hence to potentially predispose an individual to injury needs to be addressed through 
further research. Similarly, no authors have systematically evaluated the available 
literature regarding the effect of cryotherapy on proprioception or JPS. A 
comprehensive summary of the available literature is needed, so that both the health 
care profession and the sporting community alike can make educated clinical 
decisions as to how soon healthy athletes can train or compete after cryotherapy. Our 
purpose was to search the English-language literature for original research 
addressing the effect of cryotherapy on JPS and to recommend how soon healthy 
athletes can safely return to participation after a cryotherapy treatment. 
 
2.3 Methods 
Search Strategy 
We performed an exhaustive search for original research using AMED (1986-May 
2009), CINAHL (1981-May 2009), MEDLINE (1973-May 2009), and SPORT 
Discus (1982-May 2009) to gather information on cryotherapy, proprioception and 
JPS. Searches were performed using the key terms cryotherapy and proprioception, 
cryotherapy and joint position sense, cryotherapy, and proprioception. Potentially 
relevant articles were also obtained by physically searching the bibliographies of 
included studies to identify any study that may have escaped the original search. A 
total of 74 articles were identified (Figure 1). 
 
Study Selection 
The criteria for study selection were (1) the literature was written in English, (2) 
participants were human, (3) JPS was included as an outcome measure, (4) 
participants were healthy, and (5) participants were tested immediately after a 
cryotherapy application to a joint. Articles were excluded if the title or abstract did 
not meet the inclusion criteria. We then obtained the full text of each of the relevant 
studies to see if the study could be included in this systematic review. Ultimately, the 
article had to address at least 1 outcome measure of JPS before and after a 
cryotherapy application. 
 
Assessment of Methodological Quality  
A total of 7 studies, which provided at least 1 outcome measure of JPS before and 
after a cryotherapy treatment were included. The Physiotherapy Evidence Database 
(PEDro) scale was used to rate the quality of the selected articles. The PEDro scale is 
an 11-item scale designed for rating the methodologic quality of randomised 
controlled trials.
31
 Each satisfied item (except for the first item which relates to 
external validity) contributes 1 point to the total PEDro score.
31
 The items include 
random allocation, concealment of allocation, comparability of groups at baseline; 
blinding of patients; therapists and assessors; analysis by intention to treat; and 
adequacy of follow up.
32
 The PEDro scale gives a potential scoring range of 0-10, 
where 0 points (the worst possible score) are awarded to a study that fails to satisfy 
any of the included items and 10 points (the best possible score) are awarded to a 
study that satisfies all included items. Studies scoring 9 or 10 on the PEDro scale are 
considered to have methodologically excellent internal validity, those scoring 6 to 8 
are considered good, those scoring 4 or 5 are considered fair, and those scoring less 
than 4 are poor.
33
 Two evaluators who had previous experience with the PEDro 
scale, first scored each study individually. Together, the reviewers then discussed the 
methodologic quality of each study before both agreeing on the final score. All 
studies graded using the PEDro scale were included. 
 
Data Extraction and Statistical Analysis 
In order to calculate effect sizes and associated 95% confidence intervals for the 
change in JPS before and after the cryotherapy treatment, we computed the Cohen d 
by the following method: ([mean of posttest] – [mean of pretest]) / (pooled SD of 
pretest and posttest).
34
 To interpret the strength of the effect sizes, values from 0 to 
0.2 were considered as being weak; 0.21 to 0.5, modest; 0.51 to 1, moderate and 
greater than 1, strong.
35
 Figures 2 through 4 illustrate the point estimates for the 
effects sizes and associated 95% confidence intervals for the studies conducted on 
the shoulder, knee and ankle, respectively. 
 
The quality of the evidence was then assessed using the Strength of 
Recommendation Taxonomy (SORT).
36
 The SORT gives a recommendation level to 
individual studies of 1 through 3, where 1 indicates good-quality patient-orientated 
evidence, 2 indicates limited-quality patient-orientated evidence, and 3 indicates 
non-patient orientated evidence or other evidence.
36,37
 The SORT also included a 
strength of recommendation that ranges from A to C.
36
 A indicates a 
recommendation based on consistent and good-quality patient-oriented evidence, B 
indicates a recommendation based on inconsistent or limited-quality patient-oriented 
evidence, and C indicates a recommendation based on consensus, usual practice, 
opinion, disease-oriented evidence, or case series for studies of diagnosis, treatment, 
prevention, or screening.
36 
 
2.4 Data Synthesis 
Study Quality 
The average PEDro score for the 7 articles was 5.4/10 (range = 5-6; mode = 5; 
median = 5, Table).   
 The Effects of Cryotherapy on JPS in Healthy Participants  
Seven articles met the inclusion criteria for this review (Table). In the 7 studies, 204 
participants (77 men, 112 women; the sex of 15 participants was unknown
28
) were 
tested. The mean number of participants per study was 29.1±11.5, with a mean age 
of 22 ± 1.6 years.  
 
The 7 studies reviewed herein assessed 3 specific joints after a cryotherapy 
intervention: the ankle,
26,29
 knee
27,28,30
and shoulder.
12,25
 The modality for assessing 
JPS was primarily unilateral active joint repositioning,
12,25-27,29,30 
with only Surenkok 
et al
28
 using a passive reproduction test. Active joint repositioning was selected 
primarily because active testing is believed to be more functional than passive 
testing.
16
 Two methods of limb positioning or placement at the target angle were 
reported in the literature, namely passive
12,20,27,28,30
 and active.
29
 Three groups
12,25,28
 
assessed individuals’ self reported dominant limb, classified as one’s kicking leg or 
throwing shoulder arm; 1 group
30 
chose the left limb only; 2 groups
26,29 
randomly 
chose the tested limb; and only 1 group
27
 assessed both limbs. 
 
 
 
 
 
 
 
 Figure 1. Flow chart describing the selection and exclusion of articles. PEDro 
indicates Physiotherapy Evidence Database.   
 
Cryotherapy was judged to have negatively affected JPS if the degree of positional 
error was greater post treatment when compared with baseline or control results. The 
Alpha level was set at 0.05 for all 7 studies.
12,25-30
 Cryotherapy had a negative effect 
on JPS in 3 studies,
26,27,28 
whereas cryotherapy had no effect on JPS in 4 
studies.
12,25,29,30
 All investigators included used a pre-test post-test within-subject 
design with a cryotherapy application.
 12, 25-30
 
Three of the groups
12,26,29
 that administered a superficial ice application reported no 
change in JPS post treatment. Dover and Powers
25
 and Wassinger et al
12 
both applied 
cubed ice, contained in a bag, for a duration of 30 minutes and 20 minutes 
respectively, to the shoulder. Although Wassinger et al
12
 reported no differences in 
positional error after the ice application, they noted a decrease in movement patterns 
and throwing accuracy after treatment. Similarly, applied an ice pack to the knee for 
20 minutes, but they did not state if their ice pack was commercially available or 
constructed by themselves specifically for this purpose. Also, the focus of Thieme et 
al
30
 appeared to be on movement reproduction pattern and not joint angle 
reproduction. All the researchers
25-30 
reported their result in degrees, except 
Wassinger et al
12
 who reported positional error in centimetres of vertical 
displacement. As a result, although Wassinger et al
12
 had a substantial interclass 
correlation coefficient of 0.61 to 0.8 between trials for the assessment of 
proprioception on the electromagnetic tracking device, the findings of this study
12 
are 
hard to interpret and correlate with the literature. Nonetheless all 3 authors
12,25,30
 
using an ice application concluded that cryotherapy did not adversely affect JPS at 
the location measured. The point estimates of effect sizes for these 3 studies, ranged 
from -0.08 to 0.28 (Figures 2 and 3) with a positive effect size reflecting an increase 
in JPS error. Most of the 95% confidence intervals around these points crossed zero, 
which indicates that a reduction in JPS was unlikely. Therefore, a superficial ice 
application appeared to have little effect on JPS.  
 
Two groups
27,28 
employing a cooling pad to the knee for a period of 15 minutes and 
30 minutes, respectively, between tests, found that knee joint repositioning was 
affected post treatment (p<0.05). Unfortunately, the results of these studies (Table) 
are difficult to compare because Surenkok et al
28
 failed to state the temperature of 
their cooling pad and used passive joint reposition, compared with Uchio et al
27
 who 
employed active testing after using a cooling pad maintained at 4°C. Despite the 
methodologic differences Uchio et al
27
 found a reduction in their participants’ level 
of accuracy in matching knee joint placement immediately post treatment of 
1.7±2.1° post cooling (p<0.05), although the reduction was not significant 15 
minutes later (0.9±1.7°, p>0.05). This reduction was reported by the authors
28
 as 
similar to that of an individual with a cruciate ligament injury who is receiving 
potentially inadequate position sense feedback for athletic activity. Similarly, 
Surenkok et al.
28 
reported inaccuracies in JPS post treatment of 1.05±1.09° and 
0.4±2.66° using 2 separate movement protocols (extension to flexion and flexion to 
extension, respectively). The results of the effect size analysis (Figure 3)  for the 
studies utilizing a cooling pad are less consistent, with point estimates ranging from 
0.09 to 0.9 (weak to moderate); positive effects sizes indicate an increase in joint 
repositioning sense error. Even though Surenkok et al,
28
 reported a reduction in JPS 
error, the 95% confidence intervals for both trials using the cooling pad crossed zero. 
However, the study conducted by Uchio et al
27
 had a moderate effect size and the 
95% confidence intervals did not cross zero. These findings suggest that using a 
cooling pad may be more effective in achieving greater reductions in joint, skin and 
intramuscular temperatures, but as temperature changes were not reported by 
Surenkok et al,
28
 this possibility is difficult to confirm.  
 
The 2 groups
26,29
 using a water immersion cryotherapy protocol found different 
results for ankle JPS. Both Hopper et al
26
 and LaRiviere and Osternig
29
 used similar 
immersion durations, (15 and 20 minutes, respectively), water temperatures (4°C and 
5°C, respectively) and neither group immersed the knee joint (Table). Hopper et al
26
 
found JPS in the ankle reduced by 0.5±0.75° after an ice water immersion at 4° for 
15 minutes. However they concluded that a decrease in 0.5°, although statistically 
significant, would not be deemed clinically significant. These results are in contrast 
to those of LaRiviere and Osternig
29
 who found ankle JPS unaffected after a water 
immersion. This difference is also recognizable in relation to effect size (Figure 4).  
Hopper et al
26 
unanimously showed a reduction in JPS after immersion, with a 
modest effect size for 40° of inversion and a strong effect for 80° of inversion; 
neither 95% confidence interval crossed or came close to crossing zero, indicating a 
significant effect. Conversely both tests conducted by LaRiviere and Osternig
29
 have 
weak effect sizes, and both 95% confidence intervals crossed zero. Two possible 
explanations could account for the disparity in the studies;
26,29
 the different 
predetermined test angles and participant positioning during testing. Hopper et al
26 
assessed each volunteers’ ability to match a predetermined angle of 40% and 80% of 
the individuals’ full range of ankle inversion while seated, whereas LaRiviere and 
Osternig
29
 assessed 30° and 40° of ankle flexion in a supine position. Because both 
used similar treatment protocols, but found different results, the effect of cold may 
be angle dependent.  
 
Based on this evidence, it appears that some cryotherapy modalities may adversely 
affect components of JPS. We have awarded the current evidence a level of 2, with a 
grade of recommendation B on the SORT scale, as a result of methodologic design 
variations and inconsistencies in the findings of the reviewed studies. 
 Table 1. Details of Included Articles  
Authors PEDro Score/ 
Missing Items 
Cryotherapy Protocol Joint  N Proprioceptive  
Test 
Instrument 
Used 
No. 
of Trials 
P- 
Value 
Wassinger 
et al
6 
5; no random 
allocation, no 
concealed 
allocation, no 
blinding 
Ice bag, filled with 1500g of cubed 
ice, applied to the acromion and 
secured by elastic bandage for 20 
mins.  
Shoulder 22 AR while standing after passive 
placement in 2 target positions. 90° 
of shoulder flexion to 20° flexion and 
20° of flexion to 90° of flexion 
Biodex 3 in each 
direction 
>0.05 
For all 
trials 
Dower 
and 
Powers
19 
6; no concealed 
allocation, no 
blinding 
1kg of cubed ice applied to the tip 
of the acromin covering the deltoids 
and lateral scapula for 30 mins 
Shoulder 30 AR while standing after an actively 
assisted placement in 2 target 
positions. 90% of total external 
rotation (ER) and internal rotation 
(IR). 
Inclinometer 3 in each 
direction 
0.181 
Hopper et 
al
20 
5;  no random 
allocation, no 
concealed 
allocation, no 
Ice water immersion of the ankle for 
15 mins at 5°C to a depth of 5cm 
above the medial malleolus. 
Ankle 49 AR after passive placement at 40% 
and 80% of active full range of 
inversion. 
Pedal 
Goniometer 
3 in each 
section 
0.049* 
blinding 
Uchio et 
al
21 
5;  no random 
allocation, no 
concealed 
allocation, no 
blinding 
Icing system 2000 cooling pad 
applied to 1 knee for 15 mins. 
Temperature = 4°C.  
Knee 20 AR after passive placement. Ten 
different angle used between 5° and 
25° knee flexion. 
Cybex 
Dynamometer 
10  0.003* 
 
Surenkok 
et al
22 
5;  no random 
allocation, no 
concealed 
allocation, no 
blinding 
Cold pack applied to cover the knee 
joint and secured by an elastic 
bandage for 30 mins. Temperature = 
NA. Cold spray (Ethyl Chloride) 
applied to the knee until participants 
reported a feeling of cold. 
Temperature = NA 
Knee 
 
 
 
 
 
15 
 
 
 
 
 
PR after passive Placement. 
Extension to flexion and flexion to 
extension measured. Angle measured 
= 45° 
PR after passive Placement. 
Extension to flexion and flexion to 
extension measured. Angle measured 
= 45° 
Cybex 
Dynamometer 
4  
 
 
 
 
<0.05* 
For all 
trials 
LaRiviere 
and 
Osternig
23 
6;  no concealed 
allocation, no 
blinding 
Ice immersion of the ankle to 4cm 
distal from the knee joint line for 5 
and 20 mins at 4°C 
 
Ankle 31 AR after a predetermined angle was 
actively located. 2 joint angles 
assessed 30/40° ankle flexion. 
Orthotron II 
Isokinetic 
Dynamometer 
4 at each 
angle 
>0.05 
For all 
trials 
Thieme et 
al
24 
6; no concealed 
allocation, no 
blinding 
2 Ice packs applied to the left knee 
for 20mins. One covered 10cm 
above and below the patella and the 
other the popliteal space.  
Knee 37 AR after passive placement. Angles 
measured between 90°-60°, 60°-30° 
and 30°- full extension. 
Kin-Com 
Dynamometer 
2 trials in 
each sector 
>0.05 
For all 
trials 
* Reported statistical significance 
PEDro indicates Physiotherapy Evidence Database 
NA indicates not available 
PR indicates passive reproduction 
AR indicates active reproduction
  
Figure 2. Effect sizes and 95% confidence intervals compare those who experienced an 
increase in Joint Position Sense (JPS) error in the shoulder post cryotherapy and those who 
did not.  
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 Figure 3. Effect sizes and 95% confidence intervals compare those who experienced an 
increase in Joint Position Sense (JPS) error in the knee post cryotherapy and those who did 
not. E-F indicates extension to flexion; F-E, flexion to extension 
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 Figure 4. Effect sizes and 95% confidence intervals compare those who experienced an 
increase in Joint Position Sense (JPS) error in the ankle post cryotherapy and those who did 
not.  
 
2.5 Discussion 
Joint Position Sense has been defined as the awareness of the position of a joint in space,
38
 
and the term is used erroneously as a synonym for proprioception
39
 within the literature. This 
is primarily because ‘proprioception’ encompasses a number of different components 
including kinesthesia, somatosensation, balance, reflexive joint stability and JPS.
28,30,39
 To 
date, 7 studies
12,25-30
 have addressed the effect of cryotherapy on JPS with conflicting results. 
Four groups of authors
12,25,29,30
 found cryotherapy to have no effect on JPS, whereas 3 
others
26-28 
found JPS was reduced after cryotherapy. Given the pressure on athletes to 
maximise their availability and possible performance in endurance events after cryotherapy, 
individuals may sometimes be required to either train or return to competition after a 
cryotherapy treatment.
26
 Despite the general consensus that cryotherapy is an effective 
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analgesic, clinicians are concerned about the potential effects of cryotherapy on an 
individual’s neuromuscular functioning.12,27,40 
 
Absolute mean error proved the most common measurement in the analysis of JPS 
throughout the reviewed studies.
12,25-29
 This method has been defined by Olsson et al,
41
 as the 
average actual errors of a number of trials, ignoring the direction. Two groups
25,29
 measured 
variable error, defined as the SD of a number of trials.
41
 In addition, only 2 groups
25,26 
assessed constant error, which is similar to absolute mean except that it takes directional error 
into account.
41
 Thieme et al
30
 used the most accurate trial, determined as the most accurate 
reproduction of the predetermined angle, for statistical analysis. We believe that this may be a 
factor in the authors’ finding that an ice application to had no effect on JPS. However, the 
authors
30 
still reported an average 2° error across all 3 trial angles after cryotherapy when 
compared with control. If the authors had analyzed mean error, they might have found a 
statistically significant reduction in knee JPS after cryotherapy.  Using the most (or the least) 
accurate trial has potential to increase the risk of an unbalanced method of data recording 
when trials that produced either a greater or lower degree of angle error are disregarded. 
Using the mean of a number of trials would, therefore, give a better indication of an 
individual’s joint position accuracy.   
 
Cryotherapy Modalities and Degrees of Muscle and Joint Cooling 
The disparity in findings reported in the literature is likely to result from the methodologic 
differences in individual studies. Cryotherapy modalities varied from ice pack application to 
water immersion and durations from 5 to 30 minutes. Also, the outcome measures assessed 
varied from active to passive reproduction, and incorporated different anatomical locations, 
including the shoulder, knee and ankle. 
Surenkok et al
28 
were the only investigators to employ proprioceptive tests (JPS and static 
balance) after 2 separate cryotherapy interventions in a crossover study design. The tests were 
completed after the application of cold spray (ethyl chloride applied to the knee until 
volunteers reported a feeling of cold) and after 1 week the same testing procedures were 
repeated after the application of a cooling pad. These procedures were conducted to compare 
and contrast the effects of different cryotherapy modalities on neuromuscular functioning. 
The authors
28
 found similar results using these techniques; both methods negatively affected 
JPS after treatment. The JPS acuity was reduced by an average of more than 1° during 2 
testing procedures (flexion to extension and extension to flexion) after cold spray application. 
However, applying spray until volunteers reported a feeling of cold is a subjective 
measurement. Because neither application duration nor skin temperature was reported, the 
findings should be treated with caution.  
 
The impairment in JPS reported by 3 groups
26-28 
post treatment may be associated with a 
greater reduction in intramuscular or joint cooling, reduced nerve conduction velocity, 
shivering or cold-induced change in proprioceptive sensitivity. This possibility is pertinent 
when the findings are compared with those of other authors
12,25,29,30
 who used more 
superficial applications and reported no post treatment effect. However, only 3 of these 
groups
25-27 
recorded skin temperature and none reported intramuscular temperatures so this 
theory is difficult to establish. Riemann and Lephart
39 
suggested that, even though all 3 
groups who measured skin temperature reported reductions in skin temperature, cutaneous 
afferents play only a minor role in joint proprioception, whereas muscle spindles and joint 
receptors have a much more significant role. Therefore, whether superficial applications of 
cryotherapy, such as cold spray or ice, can cool deep tissue sufficiently to elicit a reduction in 
proprioceptive or joint position acuity is questionable. More research, regarding the effects of 
cryotherapy on intramuscular and joint cooling, reduced nerve conduction velocity, shivering 
and cold-induced change in proprioceptive sensitivity, is required before conclusions can be 
reached as to why JPS error was increased post cryotherapy in these studies.
26-28 
 
Previous investigations however, have also suggested that nerve conduction velocity 
decreases in a linear fashion with tissue cooling
42
 and not skin cooling,
43
 and the rate of 
decrease in muscle tissue temperature is depends on the cooling temperature.
44 
Yet, skin 
temperature is a good indicator of intramuscular temperature.
45
 Furthermore, ice massage 
reduces muscle temperature more than an ice bag application
46
 and a cool whirlpool 
treatment is better than crushed-ice packs in maintaining muscle temperature reductions.
47 
Different cooling techniques may produce different degrees of joint cooling so we believe 
that the modality of cooling, (ice water immersion, a cooling pad or ice application) may be 
critical in governing the effect on JPS.  
 
Although it has caused much debate, the cryotherapy modality applied appears to be an 
important factor affecting ground reaction force (GRF). According to Hart et al.
40 
any 
alteration in the neuromuscular or biomechanical adaptations during landing in the aftermath 
of a cryotherapy intervention, might place an individual at risk of injury. This alteration may 
result from a reduction in the usually quick and efficient communication of sensory 
information after cryotherapy.
30,48 
Two groups’40,48 using an ice application found no effects 
on peak vertical GRF at landing post treatment when compared to baseline or control 
measurements. In contrast Kinzey et al,
49 
using cold water immersion, found that peak 
vertical GRF was negatively affected post treatment.  
 
A number of authors
50-53
 have noted similar findings in relation to closed kinetic chain 
proprioception (balance) or postural sway after cryotherapy. The detection and response to 
sway during quiet standing or indeed dynamic balance is vital in preventing injury,
50-52
 such 
as lateral ankle sprain.
51 
Cryotherapy, in the form of an ice application or cold spray, had no 
effect on balance
28,50,53 
post treatment when compared with baseline or control measurements. 
The results of these studies contrast with those of researchers,
51,52
 who used cold-water 
immersion and found balance was negatively affected immediately after treatment. Therefore, 
because of the increased area of surface contact, water immersion is likely to cause more joint 
and muscle cooling than other, more superficial applications such as ice. However, although 
this theory is plausible, it is refuted by those
54-56
 who found balance unaffected after 
immersing participants in cold water. This topic will continue to be the subject of further 
debate until a conclusive answer is established. 
Study Quality 
The average PEDro score for the 7 articles was 5.4/10 (low-high range = 5-6, mode = 5, 
median = 5, Table).  Overall, the quality of the studies was fair to good.
33
 Disguising a 
cryotherapy application from the participants or therapists was difficult, so the two criteria 
relating to blinding of volunteers and therapists were not met in any of the included studies. 
All authors used a single group pre-cryotherapy and post-cryotherapy testing design and, as a 
result, no study was awarded a point for between-group statistical comparisons. In terms of 
statistical power only Dover and Powers
25
 performed a priori power analysis to identify the 
required number of volunteers needed to establish statistical differences between error scores. 
Similarly, none of the authors
12,25-30 
reported giving sham or a placebo treatment to a control 
group.
 
 
Effect Size  
The relatively small sample sizes of many of the studies reviewed, along with the 
discrepancies in both the joint assessed and the modality of cryotherapy have also made 
comparisons difficult. The number of participants in each study was low, with 3 of the groups 
testing fewer than 22 volunteers
12,27,28
 and no group examining more than 50. This is one 
factor that may influence the strength of the effect size. To interpret the strength of the effect 
sizes, values from 0 to 0.2 were interpreted as weak, 0.21 to 0.5 as modest, 0.51 to 1 as 
moderate and greater than 1 as strong; with the terms weak, modest, moderate and large 
describing the difference in JPS between pretest and posttest.
35
 The average point estimate of 
the effect size of the include studies was modest, with a weak to modest effect size reported 
in many studies.  
 
Many of the 95% confidence intervals derived from the studies cross zero. This observation 
leads us to question how significant an effect, if any, cryotherapy has on JPS.  As a result, we 
cannot report a significant effect on JPS after cryotherapy. In the 3 studies that showed a 
decrease in JPS,
26-28
 the magnitude to which cryotherapy modalities influenced JPS appears 
minimal. However, subtle proprioceptive deficits can both predispose an individual to a 
greater risk for injury and impair sport performances.
12
  
 
Recommendations for Future Research 
For researchers who intend to study the effects of cryotherapy on JPS further, we have made 
a number of recommendations. First, research is required to address how much of a reduction 
in nerve conduction velocity, skin, core, or intramuscular or joint temperature is required 
before the decline in limb reproduction acuity become apparent. Once this is identified, 
investigators can then establish whether various modalities of cryotherapy, including climatic 
chambers, ice application, cooling vests, water immersion or cold spray, are capable of 
achieving this reduction. 
 
Second, reliable and validated proprioceptive measurements (e.g. threshold detection of 
passive movement, force acuity, and static and dynamic balance) must be administered in 
conjunction with joint repositioning tests after a cryotherapy intervention to give a balanced 
account of the effect of cryotherapy on proprioception and neuromuscular functioning. When 
assessing proprioceptive acuity, administering the correct number of trials is essential, 
because a single proprioceptive assessment may provide erroneous data post cryotherapy.
57
 
Also, these outcome measures need to be repeated until researchers are satisfied that 
proprioception acuity has returned to baseline measurements after a deficit has occurred. 
 
Investigators should also recruit sufficient numbers of participants before undertaking future 
clinical trials involving cryotherapy and JPS. To assist this process, we recommend a priori 
analysis be conducted before any testing is undertaken. Within this review only 1 group
25 
reported completing such analysis, and the relatively low sample sizes of fewer than 30 
participants
12,25-30
 are troublesome. 
 
To our knowledge, no authors have addressed JPS in the wrist or elbow after cryotherapy, 
JPS after exposure to cold climatic chambers, knee JPS after water immersion, JPS after 
cryotherapy in an injured population or JPS after the use of cooling vests. Further researchers 
should target these areas. 
 
Finally, we advocate that investigators assessing an individual’s ability to reproduce a 
predetermined joint angle should use absolute mean error as the outcome measure. This 
method is the most reliable and validated
41,57
 method of reporting joint error and should be 
used instead of the most or least accurate trial. Reporting constant error, in conjunction with 
absolute mean, may also prove beneficial in determining the trend of directional error during 
repositioning trials. 
 Recommendations for Clinicians 
We have highlighted a number of concerns for clinicians with regards to the effect of 
cryotherapy on JPS. First, little is known about the potential of cryotherapy to deteriorate 
JPS, primarily due to the small number of relevant publications. Second, because clinicians 
administer cryotherapy using different modalities, durations and application areas it is 
possible that duration and application areas, the variability of these factors may result in 
different effects on proprioceptive acuity. Finally, with 3 of the 7 reviewed studies
26-28
 
showing an increase in JPS error post cryotherapy, we recommend that clinicians consider 
that proprioceptive functioning may be altered and increase risk of injury. In light of this 
review, we would therefore suggest caution, when the athlete must perform dynamic 
activities (such as twisting, turning, landing or running), immediately after a cryotherapy 
treatment. 
 
2.6 Conclusion 
Based on the limited and ambiguous evidence addressing the effect of cryotherapy on JPS, 
we are unable to support or discourage its use before athletic participation. In the 7 studies we 
reviewed three joints were assessed (shoulder, knee, and ankle) in a combined 204 healthy 
participants after a cryotherapy intervention.
 
Four groups
 
found cryotherapy to have no effect 
on JPS, whereas 3 others found JPS reduced after a cryotherapy treatment. Because of the 
differences in the joints being assessed, the modality of cooling, measurement techniques and 
quality of the reviewed studies, further research is needed before a conclusive answer as to 
whether cryotherapy reduces JPS can be determined. Given this brevity of research we are 
also unable to make a recommendation as to when athletes can safely return to participation 
after treatment. Despite the suggested benefits of cryotherapy, until further evidence is 
provided, athletic trainers and clinicians should be cautious when returning individuals to 
physically demanding or dynamic tasks after cryotherapy.     
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